The irrigated agriculture at the São Francisco River Valley, Northeast Brazil, shows an increasing production of grapes for winery. Among the wines produced there the one obtained from Vitis vinifera L., cultivar Syrah, stands out due to its adaptation to the climatic conditions of the region. However, little is known about carbohydrates metabolism of vines cultivated in this region. The objective of this work was to evaluate sugar and starch contents and the invertase activity in vines leaves during two consecutive growing seasons. The experiment was carried out at Embrapa Semi-Árido and at Santa Maria Winery, respectively located in Petrolina and Lagoa Grande, Pernambuco-Brazil. Leaves were collected weekly from January to December of 2003 and assessed for reducing sugars, total soluble sugars and starch contents, as well as for acid (AI) and neutral invertases (NI). The results showed that reducing sugars, total soluble sugars and starch contents increased during fruit maturation and are influenced by temperature, radiation and insolation variations. The second growing season showed higher reducing sugars and total soluble sugars content and lower starch content in the leaves than the first one. AI activity was higher than NI activity and these also varied according to weather conditions. During berries ripening, leaves showed higher sugar content and invertase activity, suggesting a higher sugar metabolism and transport during this phase. 
INTRODUCTION
Photosynthetically active source of tissues, such as mature leaves produce more carbohydrates than they require and thus export assimilates as sucrose to photosynthetically less active or inactive tissues, such as young leaves, roots, fruits or canes. However, source /sink relations are not static. During vegetative growth, most carbohydrates are imported into the roots and young leaves, whereas after flowering, carbohydrates are mainly directed into the developing fruits tuber and storage roots (Roitch et al., 2003) .
The degradation of sucrose can be catalyzed by at least two different classes of enzymes. A reversible cleavage of sucrose is catalyzed by sucrose synthesis (EC 2.4.1.13); in contrast, invertases (EC 3.2.1.26) catalyze the irreversible cleavage of sucrose to glucose and fructose. Among the carbohydrate metabolizing enzymes, the invertases are a group of β-fructosidases eventually classified according to the isoelectric point, pH optimum for activity (acidic, neutral or alkaline), solubility (soluble or insoluble) and cellular localization (Quick, 1996; Nascimento et al., 1998) . Thus invertases are classified in three main groups: extra cellular invertases which are characterized by a low pH optimum, are ionically bound to the cell wall and are responsible for phloem unloading in growing tissues (Roitsch et al., 2003) ; vacuolar invertases which are soluble, are characterized by an acidic pH optimum and are shown to regulate vacuolar sucrose levels (Ohyama et al., 1995) and cytosolic invertases which have a neutral or alkaline pH optimum and acts as a citosol sucrose level 'maintenance' enzyme (Richardo et al., 1970) . According to Hunter et al. (1994) and Palliotti & Cartechini (2001) , the hexoses (glucose and fructose) and the sucrose contents, as well as the activity of carbohydrate metabolizing enzymes in grapevine (Vitis vinifera L.) leaves, they are influenced by seasonal and phenological changes. Plant invertase gene expression and enzyme activity are both known to be influenced by a variety of intracellular and extra cellular factors (Tymowska-Lalanne & Kreis, 1998) , such as environmental conditions, plant hormones and phenological stages (Roitsch et al., 2000 (Roitsch et al., , 2003 .
The viticulture and winery belt at São Francisco River Valley, located between the parallels of latitude 9 o and 10 o south, is the unique wine producing region in the world with a semi-arid tropical climate, classified as "BSh" according to Köeppen. "B" means a climate in which evaporation is higher than precipitation, "S" characterizes lack of rain or a semi-arid condition and "h" is referred to low amplitude of temperatures of the hottest and coldest month of the year (Coelho, 1992) . Thus this climate condition of wine grapes production, in which temperatures are always above 12 o C and it is possible to have 2.5 harvests per year, is completely different from other wine producing regions.
The objective of this work was to evaluate the seasonal and phenological effects on sugar content and invertase activity in leaves of Vitis vinifera L. cv. Syrah, during two consecutive growing seasons of 2003.
Material and Methods The experiment was conducted at the Embrapa Semi-Árido (laboratory analysis), Petrolina and at a 4.13 ha vineyard located in Santa Maria Winery, Planaltina Farm, Lagoa Grande, both in Pernambuco State-Brazil. The studied grapevines cultivar Syrah, were 11 years old; cordons trained and spur pruned, spaced 1.20 m between plants and 3.5 m among rows with dripper irrigation.
The leaves opposite to the clusters were collected weekly from 4 plants (4 replications), in a totally randomized design, during two consecutive growing seasons. The first growing season (GS1) occurred from December 24, 2002 to June 8, 2003 and the second (GS2) from June 8 to December 3, 2003. The leaves were collected 28 and 22 days after the pre-season pruning for GS1 and GS2, respectively. The samples were stored at -20 o C until extraction and analysis of the reducing sugars, total soluble sugars and starch and acid and neutral invertases (AI and NI, respectively) were performed.
For the extraction of reducing sugars, total soluble sugars and starch, the frozen leaves were homogenized in distilled water in mortar and pestle (1:10, weight: volume) and centrifuged at 2,500 xg for 10 min. The supernatant was used for total soluble sugars and reducing sugars analysis and the pellet was used for starch extraction (Allen et al., 1977) .
Total soluble sugars and starch were quantified by the anthrone method at 620 nm, as proposed by Morris (1948) and Yemm & Willis (1954) and reducing sugars were quantified by the dinitrosalicylic method at 540 nm, as proposed by Miller (1959) .
The extraction and assay of AI and NI were carried out according to the methodology proposed by Nascimento et al. (1998) After that the reducing sugars content in the reaction medium was quantified (Miller, 1959) 
RESULTS AND DISCUSSION
Many authors observed that both weather conditions and phenological phases control grapevine leaves photosynthesis and, therefore, influence carbohydrate production and transport (Hunter et al., 1994; Schier et al., 2000; Ferree et al., 2001; Dantas et al., 2003) . In addition, the duration of each phenological phase of various grape cultivars for table at São Francisco River Valley, depends on the pruning date and the weather conditions (Leão & Silva, 2003) .
The duration of phenological stages were evaluated in the cv. Syrah during two growing seasons-GS (Table 1) . The results showed that GS2 demanded more days to achieve ripe berries (106 DAP) as compared to GS1 (99 DAP). Due to a higher values of soluble solids thus achieving better quality wines. The berries were harvested overripped, 22 and 39 days after complete ripening as showed in Table 1 .
The minimum, maximum and mean temperatures during the trials, exhibited in Figure 1 , demonstrated that in spite of low temperature variation during the year, the GS1 started with higher temperatures that decreased at the end of the season. In contrast, GS2 started with increasing temperatures and the highest occurred at the end of the season. During veraison, the GS2 temperatures overcome GS1 temperatures. The same occurred with radiation values during the two GSs studied (Figure 2 ). As observed in Figure 3 , in GS2 (July-December Tmax GS 1 Tmax GS2 Tmean GS1
Tmean GS2 Tmin GS1 Tmin GS2 Only the reduced sugar contents and both acid (AI) and neutral invertase (NI) activities in Syrah grapevine leaves were positively correlated with maximum and mean temperatures, as well as with radiation. On the other hand, total soluble sugar content was negatively correlated with minimum temperature. There was no relationship between carbohydrate metabolism and insulation. Furthermore, the leaf starch content did not correlate with any weather parameter. Invertase activities were highly correlated to number of DAP, indicating a correlation with phenological phases (Table 2 ). According to Zufferey et al. (2000) and Schier et al. (2000) , high temperatures, insolation or radiation along GS contribute to higher sugar concentration in leaves due to great photosynthesis activity and sugar transport. In this experiment, higher value of maximum and mean temperature and also higher radiation during GS2 induced higher NI and AI activities, as well as higher reduced sugar contents. The reduced sugar contents in Syrah grapevine leaves increased until veraison for GS1 (78 DAP), decreasing after that. On the other hand, GS2 showed an increasing reduced sugar foliar content until fruit set (36 DAP), at 56 DAP, the reduced sugar content in leaves decreased abruptly and increased again until 98 DAP (Figure 4) . Although the abrupt decrease of leaves reducing sugar content during fruit maturation, probably caused by low radiation and isolation values (Figures 1 and 2) , both seasons presented similar patterns (Figure 4) . Total soluble sugar contents showed an increase in both seasons during berries growth, before veraison. From veraison to harvest, the leaves total soluble sugar contents had opposite response in both seasons. In GS1, leaf total soluble sugar content had a great decrease until ripe fruits (99 DAP) increasing after harvest (121 DAP), while in GS2 these contents kept decreasing until pruning at 178 DAP ( Figure 5 ). Leaf starch content were very low (2mg g -1 of leaf fresh weight) at fruit set and increased 8 fold during fruit growth. During fruit maturation, due to great sugar transport from leaves to berries, the leaf starch accumulation decreased (Figure 6 ).
According to Schier et al. (2000) , the temperature influences the phloem transport, both simplasmic and apoplasmic. In this experiment GS2, with higher temperatures, probably had higher phloem transport activity, storing less starch in the grapevine leaves. In addition, the reduced sugar and total soluble sugar contents in the Syrah leaves were lower and the starch contents were similar or superior in GS1 than in GS2 (Figures 4, 5 and 6) . Hunter et al. (1994) verified that the glucose and fructose (reduced sugars) content intensified in both apical and basal grapevine leaves of 'Müller-Thurgau' (Riesling x Silvaner) throughout fruits maturation, from veraison to ripe berries, and then decreases at the end of the GS, in agreement with our experiment. On the other hand, the sucrose (great percentage of the total soluble sugar in leaves) showed an inverse pattern when compared to reduced sugar as described by Hunter et al. (1994) , this statement agrees with total soluble sugar pattern during this experiment. The leaves acid invertase (AI) and neutral invertase (NI) activities showed a similar pattern for both seasons. In GS1, the invertase activity increased during berries growth. During ripening, the leaves maintained high invertase activities and decreased at the end of maturation (soluble solids content around 17 o Brix) and held similar values until pruning. In GS2, there was an increasing invertase activity during all season (Figures 7 and 8) . The mean standard error inserted to the AI and NI activity curves was very low, indicating good analysis accuracy (Figures 7 and 8) . Pimentel (1998) stated that the activities of the acid invertase (AI) and the neutral invertase (NI) are higher in sink tissues, such as meristems, young leaves, roots and ripening fruits. The author also affirms that when the fruit growth rate is maximum, these are preferential sinks and receives a great amount of sucrose transported from photosynthesizing leaves and hydrolyzed by invertases. Therefore, according to this author, leaves would present low invertase activity, consuming little sucrose during ripening (Pimentel, 1998) . However, there are disagreements about this affirmative. Foyer et al. (1997) verified that the invertase activity in leaves plays an important role in carbohydrate metabolism of source cells, by regulating sucrose levels in citosol and amplifying information about carbon status, as well as regulating sucrose transport, if mainly symplasmic or apoplasmic. Hunter et al. (1994) observed high invertase activity in leaves of 'Müller-Thurgau' grapevines before the onset of ripening and low activity after veraison. This is confirmed in this experiment, disagreeing with Pimentel (1998) , in which the grapevines showed high leaf invertase activities during ripening, 79-99 DAP for GS1 and 89-106 DAP for GS2. During GS2, however, the AI and NI activities were increased following temperature, radiation and insulation (Figures 7 and 8 ). According to Ferree et al. (2001) , variations in light intensities can affect photosynthesis, transpiration and leaf specific weight in 'Vidal Blanc' and 'Chambering' grapevines, and thus affect sugar amount in leaves, as well as the sucrolytic enzymes.
In this experiment, it was demonstrated that AI activity was higher than NI activity in all evaluation dates. AI, nevertheless, can be soluble when located at the vacuole or insoluble when bonded to the cell wall. Dantas et al. (2003) suggested that the activity of cell wall acid invertase (CWAI) is lower than vacuolar acid invertase (VAI) in 'Syrah' and 'Moscato Cannelli' grapevines, and also that both AIs have different responses to crop management and seasonal variations.
Some authors (Huber, 1989; Scholes et al.,1996) raised an hypothesis that the activity of VAI regulates the sucrose status in leaves. Therefore, high VAI activity would reduce the amount of sucrose available for both storage and export, while low VAI activity would favor sucrose accumulation. However, the data obtained by KingstonSmith et al. (1998) suggested that no simple relationships exist between leaf sucrose and invertase, and that hexose accumulation is tightly regulated rather than reflecting directly the activity of VAI.
Regarding these features of the carbohydrate metabolism, some authors presented similar results in former works and also related them to leaves senescence, climate conditions, changes in source/sink relations and leaf exposition to radiation (Kriedemann & Smart, 1971; Hunter & Visser, 1988a, b, c) .
There are few studies in the literature concerning to carbon metabolism at biochemical level in field grown grapevines (Hunter et al., 1994; Ferree et al., 2001) . Furthermore, these few works were carried out in subtropical regions that could not be totally applied to tropical semi-arid conditions such as northeastern Brazil, which has expanding viticulture and winery. Other studies about carbohydrate metabolism in leaves, berries, canes and buds, must be carried out aiming to evaluate physiological and biochemical responses of grapevines at São Francisco River Valley.
CONCLUSION
Some important aspects of carbohydrate metabolism, such as sugar (reduced sugar, total soluble sugar and starch) storage and invertase activity in leaves of 'Syrah' grapevines cultivated at the region of the São Francisco River Valley, are modified according to the grapevines phenology and the temperature and sun conditions in which grapevines grow.
